Gas or liquid chromatography coupled with mass spectrometry is among the most reliable analytical techniques used in pesticide residue analysis. The existing problem in pesticide analysis in complex matrices such as fruit is the variation in analyte chromatographic response caused by matrix components, which is called the matrix effect. These effects can be evaluated quantitatively by comparing the response of equal analyte concentrations in a solvent and in the post extraction fortified sample extract. The response of the 5 µg mL -1 solution of fungicides pyrimethanil, cyprodinil, from the class of anilinopyrimidines and trifloxystrobin from the class of strobilurins, commonly used in the protection of apple crops, was evaluated in pure hexane and in different concentrations of peel and flesh hexane extracts of Granny Smith apple variety. The response of trifloxystrobin was not significantly changed in either of two matrices, while a significantly more different response of pyrimethanil and cyprodinil was observed in both peel and flesh extracts than in the pure solvent. In the undiluted flesh extract, the matrix effect reached 154% and 76% for pyrimethanil and cyprodinil, respectively. In the undiluted peel extract, the values were -49% for pyrimethanil and -30.2% for cyprodinil. The response variation of these pesticides remained high, even after the matrix dilution. The final matrix dilution resulted in about 2-times lower response variation for both pesticides in flesh extract-based standards, while in peel extract-based standards the manifestation of inversion was observed.
Introduction
Gas chromatography coupled to mass spectrometry has been widely used in the analysis of pesticides in many matrices, such as fruit and vegetables. The existing problem in pesticide analysis in such complex matrices is the variation in their chromatographic response caused by matrix components, which is called the matrix effect. This phenomenon is nowadays used as an explanation for pesticide recovery rates exciding 100% and low accuracy of the results. According to IUPAC, the matrix effect represents "the combined effect of all components of the sample other than the analyte on the measurement of the quantity" [1] , and it is considered to be the result of the analyte -co-extractives interactions in different parts of GC, mainly in the injector and chromatography column or in the detector [2] . As a result, the analyte signal can be enhanced -a positive matrix effect or suppressed -a negative matrix effect.
The accepted explanation for the positive matrix effect or the phenomenon called "matrix induced chromatographic response enhancement effect" is that the coextractives "compete" with the analytes for the injector active sites, causing the transfer of a larger amount of analyte to the column [3] , while the negative matrix effect, usually called "induction of the decrease of the response by the matrix" occurs when non-volatile components of the matrices accumulate in the injector or in the column, resulting in the formation of new active sites, to which analyte can also attach, causing the transfer of a smaller amount to the chromatographic column [4] .
Pesticide residue analysis in apples has a great significance, since due to the broad consumption apples are among the most treated fruits against pests and can be found on the market throughout the whole year. As matrices, apples consist of various components including organic and amino acids, sugars, phenolic compounds and fatty acids (C18 family) [5, 6] .
Due to many differences in the composition of apple peel and flesh [7] , they can be considered as different types of matrix. Since it was observed that the same pesticide can express different chromatographic responses depending on the matrix [8] , the aim of this study was to evaluate the GC/MS response of trifloxystrobin, pyrimethanil and cyprodinil, fungicides commonly used in the protection of apple crops, in different concentrations of peel and flesh extracts of the selected apple variety.
Experimental
Chemicals High purity pesticide standards of pyrimethanil, cyprodinil and trifloxystrobin were purchased from Accu Standard® (New Haven, CT, USA). Dibutyl adipate (DBA) was purchased from Sigma Aldrich (St Louis, MO, USA). HPLC grade hexane was purchased from Fisher Scientific (USA).
Standard preparation Individual stock solutions were made of high purity pesticide standards at the concentration of 1000 µg mL -1 in hexane and stored in a freezer at -15 °C. The mixed stock solution of pesticides (working solution) was prepared in hexane by mixing individual stock solutions, with the final concentration of trifloxystrobin, pyrimethanil and cyprodinil of 50 µg mL . Injection solutions with the final concentration of pesticides of 5 µg mL -1 were prepared using the working solution, according to the procedure described in the section Matrix effect evaluation procedure. Internal standard solution (ISTD) was prepared by dissolving pure DBA in hexane to the concentration of 10 µg mL Sample extract preparation One hundred grams of the sample taken from 3 separate apple fruits was peeled and afterwards blended for matrix effect evaluation in peel and flesh. Ten grams (10 ± 0.01 g) of blended subsample was transferred to a glass container. Afterwards, 10 mL of hexane was added, and the extraction by shaking was performed. The obtained extracts were then transferred to glass cone tubes and centrifuged for 10 min at 3800 rpm. The upper hexane layer was separated from the solids-water dispersion and used for further experiment. Since the solvent/sample ratio in the extraction procedure was 1 mL of the solvent per gram of the sample, a presumed value for the matrix concentration in the obtained hexane extract was 1 g mL -1
.
GC-MS analysis
Gas chromatographic analysis was performed on Agilent 6890 gas chromatograph equipped with 5973 Mass Selective Detector (MSD), 7683 Autosampler and SGE 25QC2/BPX5 0.25 capillary column (25 m×0.22 mm×0.25 µm, non-polar). The mass spectra were recorded under an electron impact ionization (EI) voltage of 70 eV. The gas chromatograph was operated in the splitless injection mode. The oven temperature was programmed from 90 °C (hold time 0 min) to 280 °C (4 min) at 20 °C min -1 rate; post run: 300 °C (2 min). Helium was the carrier gas with the constant flow rate of 1.0 mL min
. Analytes responses were normalized to DBA as internal standard. The MSD was used in the single ion-monitoring mode (SIM) at m/z as given in Table 1 . and m/z 185 for DBA. The identification and quantification of target compounds was based on the relative retention time, the presence of target ions and their relative abundance. Both data acquisition and processing were accomplished by Agilent MSD Chem Station® D.02.00.275 software. Matrix effect evaluation procedure The signal of 5 µg mL -1 pesticides standard solution prepared with different volumes of peel and flesh extracts of Granny Smith apple variety was examined, and its variation was evaluated by means of the matrix effect. First, the injection solution was prepared in hexane by mixing 100 µL of ISTD solution, 100 µL of the working pesticide solution (50 µg mL ) and 800 µL of the pure solvent. Other three injection solutions were prepared by mixing 100 µL of ISTD solution, 100 µL of the working pesticide solution and 800 µL, 200 µL and 100 µL of hexane extracts of apple peel and flesh, afterwards filled up to 1000 µL with hexane, resulting in dilution factors of 1.25, 5 and 10, respectively, aimed for the evaluation of the response behavior of the pesticide with the matrix dilution. So, the matrix concentration in diluted extracts was 0.8 g mL -1 (DF 1.25), 0.2 g mL -1 (DF 5) and 0.1 g mL -1 (DF 10).
The matrix effect (ME) was calculated by relating the response of the pesticides standard obtained by the dilution of standards in apple extracts (R1) to the response of the standard prepared in pure hexane (R2) using the following equation: and 50% indicate the medium matrix effect and below −50% or above +50% strong matrix effect [9] .
Dilution factor (DF) was calculated as:
7 (2) (2) where Vi is the volume of the sample extract taken for dilution and Vf is the final volume after dilution. The dilution of the sample extract caused by adding the internal standard and the pesticide stock solution (DF 1.25) is unavoidable and considered. Figure 1 . represents the variation in the signal response of the 5 µg mL -1 pesticide standard solution prepared with different volumes of the hexane extract of Granny Smith flesh, resulting in different matrix concentrations. With increasing the matrix dilution a linear decrease of the matrix effect values can be observed for all pesticides. By extrapolation of curves, the matrix effect in undiluted extract could be calculated -values of 154% for pyrimethanil and 76% for cyprodinil indicate a strong positive matrix effect i.e. great signal enhancement. For trifloxystrobin, the medium matrix effect was observed with the value of 38%. After 10-fold dilution, the matrix effect values reached 70% for pyrimethanil and 44% for cyprodinil, while for trifloxystrobin the matrix effect can be considered eliminated (5.7%). For pesticides standard prepared with different volumes of Granny Smith peel extract, the matrix effect trendline is logarithmic (Figure 2) . Extrapolation of curves for pyrimethanil and cyprodinil displayed negative matrix effect values i.e. signal suppression of these pesticides in the undiluted peel extract. The response of trifloxystrobin was not affected i.e. there was no noticeable matrix effect. With dilution, the matrix effect moved towards positive values, making an inversion. After 10-fold dilution, matrix effect values reached 104%, 56% and 25% for pyrimethanil, cyprodinil and trifloxystrobin, respectively. Matrix effects are in general more pronounced for more polar pesticides [10] . Therefore, higher response variation was observed for more polar pyrimethanil than for cyprodinil and trifloxystrobin. In fact, the response of trifloxystrobin can be considered unaffected in both matrices. Matrix effect -dilution trendline is similar for all pesticides. Another study, dealing with the response of several pesticides in the apple matrix, demonstrated the dependence of the matrix effect on the matrix concentration -a gradual increase in response of dimethoate, chlorothalonil and fenitrothion was observed, as the matrix concentration in the solutions increased from 0.1 to 1.0 g mL -1 [11] . The study furthermore revealed that besides matrix concentration, the matrix effect depends on the matrix type, pesticide concentration and analytical range.
Results and discussion
The difference in matrix effect values in undiluted Granny Smith peel and flesh extracts, and even more the inversion might be explained by means of apple waxes and their much higher amount in the apple peel than in the apple flesh. Apple fruits possess a cuticle with the mixture of C16-C18 chained compounds mainly composed of saturated and unsaturated dihydroxy hexadecenoic, trihydroxy and epoxy hydroxy octadecanoic acids and a triterpenoid-rich cuticular wax mixture [12] . In one study, a significant relationship between triterpenic acids (oleanolic and ursolic acids) was recognized, found in much higher concentrations in the apple peel than in the flesh, and a negative matrix effect in GC/ MS 2 [13] . The most abundant components of the peel wax of Granny Smith variety are compounds such as pentacosane, nonacosane and unsaturated fatty acids like C20:3n6, C18:2n6, C18:3n3, C22:2, C14:1, C16:1 [14] . Chromatograms of blank Granny Smith peel and flesh extracts (not shown here) were similar in profile, 7(2) (2018) 19-24 but with a much higher content of compound eluting at 12.37 minutes in the peel than in the flesh extract. This compound could be attributed to the group of apple waxes, since the mass spectra mainly consisted of aliphatic chain fragments. The variation in response of pesticides in all matrices is presented in Figure 3 . A positive matrix effect observed in the flesh extract can be explained by phenomena originally noticed and described by Erney et al. [3] . Co extractives compete with analytes for the injector active sites, causing transporting of a larger amount of analytes to the column. The initial negative matrix effect observed in the peel extract was possibly the consequence of evaporation and re condensation in the injector of much larger amounts of low-volatile waxes, with resulting fixation of analytes in the wax matrix or blocking of the entrance to the column and analyte loading. With the dilution of peel extracts, the concentration of waxes decreases, probably falling outside the level critical for analytes fixation or obstruction of analyte loading, after which a protective role of co-extractives through interaction with the injector prevail again.
There are several approaches commonly used to overcome the matrix effect in the analysis. Since this phenomenon is a consequence of diverse interactions of analytes and co-extractives with injector active sites, the first choice is the use of analyte protectants. These compounds, usually rich in hydroxyl functional groups due to the hydrogenbonding ability strongly interact with active sites in the GC system, in both the inlet and the chromatographic column, and therefore have a protective role towards analytes. The mixtures of triglycerol and D-ribonic acid-γ-lactone [15] and ethyl glycerol, gulonolactone and sorbitol [16] demonstrated the satisfactory pesticides protection during GC analysis. Since the matrix effect changes from one sample to another, i.e. depends on the matrix type, some authors have suggested the application of the matrixmatched calibration method [11] , which is considered as one of the most practical solutions. When no blank matrix is available for the matrix-matched calibration procedure, a standard-addition method is performed [17] . In the case of uncomplete matrix effect elimination with the aim of matrix-matching, the combination of matrix-matching and multiple isotopically labeled internal standards showed satisfactory results [18] .
Conclusion
The response of trifloxystrobin could be considered unaffected in both peel and flesh extracts of Granny Smith apple variety and unchanged with dilution. However, the response of pyrimethanil and cyprodinil in both matrices was significantly more different than in the pure solvent. A more pronounced matrix effect was observed for the slightly polar pesticide -pyrimethanil. In undiluted flesh, the extract matrix effect reached 154% for pyrimethanil and 76% for cyprodinil. In the undiluted peel extract, the 7(2) (2018) 19-24 values were -49% for pyrimethanil and -30.2% for cyprodinil. Differences between ME values in peel and flesh extracts originate from diverse matrix types, presumably different in content of low-volatile waxes. After the matrix dilution, the response variation of pyrimethanil and cyprodinil remained noticeable. The final matrix dilution resulted in about 2-times lower response variation for both pesticides in flesh extract-based standards, while in peel extract-based standards the manifestation of inversion was observed. In conclusion, in GC/MS analysis of pyrimethanil and cyprodinil in apples, a strong matrix effect is present. Therefore, for reliable quantification procedures and overall analysis, the matrix-matched calibration should be applied.
